Since the embryonic stem cells have knocked the doorsteps, they have proved themselves in the field of science, research, and medicines, but the hovered restrictions confine their application in human welfare. Alternate approaches used to reprogram the cells to the pluripotent state were not up to par, but the innovation of induced pluripotent stem cells (iPSCs) paved a new hope for the researchers. Soon after the discovery, iPSCs technology is undergoing renaissance day by day, i.e., from the use of genetic material to recombinant proteins and now only chemicals are employed to convert somatic cells to iPSCs. Thus, this technique is moving straightforward and productive at an astonishing pace. Here, we provide a brief introduction to iPSCs, the mechanism and methods for their generation, their prevailing and prospective applications and the future opportunities that can be expected from them.
Introduction
Stem cells are the special primal cells which retain two peculiar properties: Self-renewal to persist their undifferentiated state and differentiation potential to give rise to specialized cell types. On the basis of differentiation ability, they are categorized as totipotent, pluripotent, and multipotent stem cells. On the basis of origin, they can be categorized as embryonic stem cells (ESCs), derived from inner cell mass cells of blastocysts, and can differentiate into all the derivatives of three primary germ layers. The other cell types are adult stem cells, present in adult tissues. These are multipotent cells which are lineage specific and produce a limited number of cell types [1] . The ESCs possess all the qualities required for their contribution in scientific research and medicinal purposes, but they have limitations as immunologic rejection, and raising ethical and moral concerns because generation of ESCs requires the destruction of embryos [2] . To overcome these drawbacks, attempts have been taken to achieve individual-specific pluripotent stem cells by somatic cell nuclear transfer [3] , treatment with an extract of pluripotent cells [4] and cell fusion [5] . All these approaches of nuclear reprogramming are accompanied by frailties as a technical inconvenience, partial reprogramming, and tetraploid formation, respectively, which hamper their use in medical science and technology [6] .
To address these shortcomings, Takahashi and Yamanaka in 2006 [6] introduced an advanced step toward nuclear reprogramming based on transcription factor action for generation of new stem cell type called "induced pluripotent stem cells (iPSCs)." They tried 24 candidate factors for their ability to induce pluripotency and concluded that four fundamental transcription factors Oct-3/4, Sox2, c-Myc, and Klf4 (also called Yamanaka factors) are vital for conversion of mouse fibroblasts into pluripotent stem cells. This innovative discovery has changed the view about development and cellular specialization and hence rewarded by the Nobel Prize in 2012.
Comparison between iPS and ES Cells
iPSCs share many similarities with ESCs in terms of their morphology, surface markers expression, feeder dependence, and in vivo teratoma formation capacity. The in vitro differentiation potential of iPSCs is distinctive as compared to ESCs. Furthermore, the DNA methylation pattern between iPSCs and ESCs has revealed certain differentially methylated regions. Thus, the epigenetic status of iPSCs partially differs from ESCs which may be due to the epigenetic memory of the cell type from where it is originated [7] ( Table-1 Available at www.veterinaryworld.org/Vol.10/June-2017/12.pdf and dependent on the basic fibroblast growth factor (bFGF) signal for their proliferation [8] . They proliferate very slowly as compared to naive state cells. They are also called epiblast stem cells (EpiSCs). The EpiSCs have the potential to differentiate into various cell types but could not form chimeric mice when injected into blastocyst. This represents the difference of their developmental stage in comparison to naive state cells. This developmental hurdle can be recovered by the introduction of pluripotent genes which can convert their status to mouse ES-like cells [9] .
Mechanism of Path Switching How the process starts
The first noticeable change that takes place during the reprogramming of fibroblasts is mesenchymal-epithelial transition (MET), reversal of epithelial-mesenchymal transition (EMT), which occurs during early gastrulation. The two main genes involved in switching of EMT and MET states are E-cadherin and Snail. Upregulation of E-cadherin is crucial for initiating MET process, and upregulation of Snail is responsible for gene reorganization during EMT. E-cadherin is a transmembrane constituent of intercellular adherens junctions responsible for maintaining epithelial cohesion. The snail is a basic helix-loop-helix transcription factor that binds to specific sequences called E-boxes and represses the transcription of E-cadherin and other key epithelial regulators [10] . Thus, the exogenous reprogramming factors inhibit the key mesenchymal genes and trigger an epithelial program to overcome the EMT epigenetic barrier of fibroblasts for inducing the state of pluripotency in them.
The regulatory pathways involved
The extrinsic stimuli and intrinsic circuitries play a synergistic role in sustaining the undifferentiated and self-renewing state of cells. The influential factors involved in maintaining pluripotency are leukemia inhibitory factor (LIF), transforming growth factors (TGFs), and FGFs. LIF is a member of the interleukin-6 cytokines. It is a key factor in maintaining pluripotency by inhibiting differentiation. On LIF binding to the receptor, JAK-STAT pathways becomes activated. STAT3 self phosphorylates themselves to forms a homodimer, which translocates to the nucleus, where it binds to gene enhancers and regulates target gene expression. Thus, the LIF/JAK/STAT3 pathway maintains pluripotency [11] (Figure-1) .
Another pathway involved in the maintenance of pluripotency is TGF-β superfamily which includes TGF-β, activin, inhibin, growth differentiation factor, bone morphogenetic proteins, etc. The TGF-β members follow signaling pathway by binding to heteromeric complexes of serine/threonine kinase receptors, which subsequently activate intracellular Smad proteins. Thus, TGF-β-related signaling pathways are crucially involved in regulating the pluripotency and cell fate of ESCs [12] . FGF signaling also plays a decisive role in maintaining ESCs pluripotency. In consistence, withdrawal of FGFs or interference of FGF signaling by FGF receptor (FGFR) inhibitors causes cellular differentiation. FGFs signaling begins by binding to FGFRs which further triggers diverse signaling cascades, including MAPKs pathway, JAK/STAT pathway, PI3K pathway, and PLC pathway. Furthermore, FGF2 helps in maintaining the cells in their undifferentiated state by inducing the feeder layer cells to secrete TGF-β1 and insulin-like growth factor 2 [13] .
The primary role of the reprogramming factors at the early phase is to reverse the EMT process and to initiate MET. TGF-β signaling pathway is the primary target of the reprogramming factors: Tgf β1 and Tgf β3, two members of TGF-β superfamily, are repressed by c-Myc and Oct4/Klf4, respectively, Tgf βR2 is suppressed by c-Myc, Tgf βR3 is suppressed by Oct4/Sox2. The silencing of TGF-β signaling leads to the inhibition of expression of Snail, which is critical for EMT. Klf4 activates E-cadherin and other epithelial program to start MET. Thus, there is the peculiar distribution of task among the transcription factors for reprogramming the fibroblast cells to pluripotent state [14, 15] .
Methods of Generation of iPSCs
Direct reprogramming of somatic cells by introducing a set of known genes to revert them to 
Integrating method
The pioneers of this technique, Yamanaka and Takahashi had used retroviral-mediated transduction of four set of genes (Oct4, Sox2, c-Myc, and Klf4) to re-programme mouse fibroblasts and induces them to ESC like state [16] . Therefore, majority of studies have used integrating types of vector for delivery of transcription factors as they are powerful tools to introduce foreign genes into host chromosomes and hence results in higher efficiency (Table- 2) [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . However, they are followed by many challenges for their use in therapeutic purposes. The primary drawback of genome-integrating vectors is potential risks of random and permanent integration of virus into the host genome at multiple sites which can result in insertional mutations and even in tumorigenesis. Thus, efficiency and safety are the two major issues involved in clinical applications of iPSCs. Recently, several approaches have been developed to generate safer transgene-or integration-free iPSCs.
Lentiviral vectors are another type of integrating vectors which can infect cells that are not actively dividing, unlike retroviral vectors which can infect only dividing cells to efficiently produce iPSCs (Table-3 ) [27] [28] [29] [30] [31] .
Non-integrating methods
For generating transgene-free or integration-free iPSCs, a series of non-integrating vectors have been employed which includes viral as well as non-viral vectors. Some of them are discussed below.
Viral methods

Adenoviral transduction
Adenoviruses are among the most commonly used vectors next to retroviruses. The virus undergoes receptor-mediated endocytosis, then released in the cytosol and reaches the nucleus for carrying out viral replication and transcription. The translation of the transcripted mRNA occurs within 18 h after infection, and hence, the transgene is expressed with the maximum level at 48-72 h post transduction [32, 33] . They manifested high transduction efficiency for cells in quiescent as well as dividing phase and shows high levels of short-term expression.
Sendai virus transduction
Unlike other RNA viruses, Sendai virus escapes the route to the nucleus and replicates in the cytoplasm of infected cells. Thus, it cannot integrate into the host genome and allows expression of transgenes without risk of modification of host genome. Hence, the iPSCs generated are genetically intact and carries the same genome DNA as the original cells [34] . In addition, Sendai virus vector is capable to infect a vast host range and are non-pathogenic to humans. Among viral vectors, it has been considered a quintessential tool for cell reprogramming and stem cell research [35] .
Non-viral methods
DNA vectors are more stable than viruses and can be conveniently thawed and re-frozen through several usages. The non-viral vectors recently developed for reprogramming are.
Episomal plasmid
Episomal plasmids are based on the EpsteinBarr nuclear antigen-1 (oriP/EBNA-1). They anchor themselves to the host chromatin and replicates in synchrony with the host genome [36, 37] . The episomal plasmids are naturally lost at up to 5% per cell division cycle. Thus, they can be utilized for a broader range of applications, including pre-clinical research, and human gene therapy [38] .
Transposons
Two main transposable elements use in reprogramming are sleeping beauty and PiggyBac transposon [39] .
DNA-free delivery
Reprogramming of cells can also achieved by employing recombinant protein rather than using genetic material directly to cells. These protein-based strategies have been successfully demonstrated but are much more complicated to perform as the generation and purification of protein in required quantity is a challenging task [41, 42] . Reports on the generation of iPSCs through non-integrating methods are enlisted in Table-4 [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] .
Culture Conditions for iPSCs
iPSCs have been established in ES cell media with LIF and bFGF as important factors for maintaining pluripotency [47] . O 2 tension is also an influential aspect for stem cell maintenance and differentiation. Low O 2 tension (5% O 2 ) condition, called hypoxia, promotes the reprogramming adequacy in both mouse and human fibroblasts [48] . Moreover, to boost the productivity of iPSCs and lessen the burden of exogenous factors, some natural and synthetic small molecules have been proved to be boon. These small molecules target signal transduction pathways that are involved in stem cell renewal and differentiation as Wnt pathway, tyrosine kinase receptor pathway affects epigenetic status of cells by modulating enzymes such as histone deacetylase, histone demethylase, histone methyltransferase, and DNA methyltransferase; DNA replication and other vital functions. Chemical compounds knock off some limitations of transcription factors based reprogramming approach and offer advantages as they are easily accessible to the cells, cost-effective and non-immunogenic [36, 49] . A number of compounds have been determined that can take over the function of reprogramming transcription factors and thus, these chemicals have introduced a new window for generating clinical-grade iPSCs [50, 51] . The different categories of compounds which are frequently employed in the fruitful generation of chemically iPSCs are mentioned in Table-5 [52] [53] [54] [55] [56] [57] [58] [59] [60] .
Application of iPSCs
iPSCs possess the properties of differentiation and germline transmission, therefore have emerged as a substitute to stem cells in the field of biomedical sciences and research. Since iPSCs can bypass the ethical concerns pertained to ESC derivation and peril of allogeneic rejection; therefore, they serve as potential tools for clinical applications and medical research. Till date, iPSCs have accomplished practical applications in areas such as basic stem cell research, diseases modeling, regenerative medicine, drug discovery, and infertility treatment. iPSCs also have considerable applications in the field of animal research like the generation of transgenic animals, improving cloning efficiency, wildlife conservation, etc.
Application in basic sciences
The emergence of reprogramming techniques has resolved the relationship between transcription factors, signaling pathways, epigenetics, and Also in the field of cancer research, reprogramming techniques are emerging as one of the most versatile tools to study the mechanistic modeling of human tumorigenesis. The process of reprogramming, pluripotency, lineage specification, and oncogenic transformations are fundamentally related to each other regarding the involvement of cancer-related genes [61, 62] , pluripotency-associated genes and epigenetic related genes [63] . Many reports are available on iPSC lines derived from variety of human cancers, such as melanoma [64, 65] , prostate cancer [64] , gastrointestinal cancers [66] , chronic myeloid leukemia [67] , lung cancer [68] , breast cancer [69] , glioblastoma [70] , and sarcomas [71] . These patient-derived iPSCs can provide a better understanding of the niche for cancer progression and building a more relevant disease model. The iPSCs derived from banked cord blood from newborns have been employed to deduce the developmental and molecular mechanisms elementary for sequential progression of cancer from the precancerous cell [72] . Thus, iPSCs generated from cancerous cells can be used as model cell line to understand the elemental molecular mechanisms trailing for cancer initiation and progression and to overcome them.
Cell transplantation/replacement therapy
The applicability of iPSCs in regenerative medicine was demonstrated in 2007 by Hanna et al., where iPSCs were used to cure sickle cell anemia, a disease caused by single gene defect [73] . The disease-causing mutation was rectified by homologous recombination in iPSCs generated from mouse model. The repaired iPSCs then differentiated into blood-forming progenitor cells which were transplanted into anemic mice and disease was cured.
Since then many disease have been treated by iPSCs transplantation such as spinal cord injury [74] , Parkinson's disease [75, 76] , hemophilia A [77] , limb ischemia [78] , acute myocardial infarction [79, 80] , peripheral vascular disease [81] , diabetes [82] , and regeneration [83] . In 2013, a group of scientists at the RIKEN Center for Developmental Biology launched the world's first clinical trial for the treatment of age-related macular degeneration which results in blindness due to the loss of retinal pigment epithelium. Scientists took skin cells from patients, converted them to iPSCs and then differentiated to retinal pigment epithelium cells. These cells were grown into thin sheets that can be transplanted to the damaged retina [84] (Figure-2 ).
Disease modeling
Patient-specific iPSCs serve as "a-patient-ina-dish" and can be differentiated to any type of body cell which is otherwise difficult to obtain such as brain cells and helps to understand how the disease works. Thus, they have resolved the problem regarding the availability of experimental material. Till date, various tissue specific iPSC derivatives have been generated such as hematopoietic [85, 86] , hepatic [87, 88] , endothelial [89] , neurological [90] [91] [92] [93] , and cardiovascular cell lines [71, 94, 95] . Currently, iPSCs are used as disease models in research of a fatal neuromuscular disorder, spinal muscular atrophy (SMA). SMA patients have a defective SMN1 gene which results in loss of the motor neurons in the spinal cord, leading to muscle wasting, mobility impairment, and early death in children. Somatic cells from the patients suffering from SMA have been reprogrammed to generate SMA iPSCs which have the defective SMN1 gene and are being used as a model to study the onset of the disease in newly developing nerve cells. Furthermore, these SMA iPSCs are used to test a variety of new treatments instead of carrying out them directly on patients [91, 96] . In addition, the lab-grown cells help in detecting the [53, 109, 110] , familial dilated cardiomyopathy [111] , and viral cardiomyopathy [112] .
Drug screening and discovery
A plausible assistance is provided by iPSC technology in the creation of a library of animal cell lines that comprises all the major genetic and epigenetic variants of a species. Cell lines derived from these iPSCs represents a realistic and more ideal drug model by creating a "disease-in-a-dish" model over hitherto employed patient's samples or immortalized tumor-derived cell lines. These well-defined, simulated models help in high-throughput screening of chemical compounds to identify relevant targets. The adoption of iPSCs dependent chemical screening has significantly reformed the success rate of drug development process [96] . After the primary screening, candidate targets are verified for secondary validation screening which holds their pharmacokinetic and safety properties [113] . Primary drug screening has been done for diseases, such as LEOPARD syndrome [104, 114] , SMA [91] , familial dysautonomia [115] , diabetic cardiomyopathy [116] , neurological disease [117] , amyotrophic lateral sclerosis [118] , Familial transthyretin amyloidosis, NiemannPick disease type C, α1-antitrypsin deficiency, Wilson's disease [119] , and umpteen diseases are under process.
Treating infertility
Pluripotent stem cells had opened a contemporary perspective in the treatment of patients with azoospermia. Using iPS technology, it is possible to get offspring with the same genetic material by derivation of functional male gametes from the infertile males themselves.
Recently, several studies have reported that both mouse iPSCs [120] [121] [122] and human iPSCs can differentiate into male germ cells [123, 124] . It has been documented that mouse iPSCs can be differentiated to functional spermatozoa [125, 126] . Experiments have been conducted to prove that spermatozoa derived from iPSCs are successful in fertilizing the oocytes after intracytoplasmic injection. Furthermore, there are reports available on the birth of fertile offspring following embryo transfer of such fertilized oocytes [125] . Thus, derivation of male germ cells from iPSCs epitomized mechanisms underlying the production of male gametes and their development, and also iPSCs have shown a ray of hope for confronting with infertility [127] .
iPSCs in veterinary science
Among farm animals, pig is considered a valuable model for testing drugs and therapeutics before they are introduced to clinics [127] . Therefore, utilization of large animal models has a great potential in this field. Recently, mesenchymal stem cells derived from equine iPSCs were used as a model for pre-clinical validation of stem cell therapies for muscles, joints, tendons, ligaments, and bone injuries [128] . The iPS technology offers potential applications in veterinary sciences other than therapeutics and biomedical. This technique could be employed in assisted reproduction technology for increasing cloning efficiency using iPSCs as potent nucleus donors instead of somatic cells or ESCs [23, 129] . These reprogrammed cells could boost up production of cloned animals and hence helps in conservation of endangered species. iPSCs also help in generation of chimeric and transgenic animals [130] [131] [132] [133] .
Conclusion
iPSCs have emerged as an alternative to stem cells in the field of biomedical sciences and research. Since iPSCs can omit the ethical concerns related to ESC derivation and potential issues of allogeneic rejection; therefore, the quintessential role of iPSCs leads to its use in therapy, drug development and clinical applications. The iPSCs hold great promise in the field of cell replacement therapy of diseases such as Alzheimer's disease, Parkinson's disease, cardiovascular disease, diabetes, and ALS. The iPS technology is a state-ofthe-art technique in the field of sciences which holds copious thought-provoking applications in biomedical research. For the maximal and pertinent application of this technique in clinical purposes, we require a more widespread knowledge about the pros and cons of the reprogramming process and hope for a better future.
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